Nano-bio Hybrid Materials for a New Generation of High-throughput Diagnostic Systems  by Nabiev, Igor
 Physics Procedia  73 ( 2015 )  95 – 99 
Available online at www.sciencedirect.com
1875-3892 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).





















































, a new gener
 unique opti
t al. (2002); B
dispersed nan





 advances in 
y few applica











d in the context






























ized and the ba














ul tool for d
es more stab
ctroscopy an
n of QDs and
 tools to clin
; fax: 33-326-918
f. Igor Nabiev) 
d Informati
 a new g
ostic sy
or Nabieva




. Here, the gene




































































va et al. (200







acq Jay, 51100 
09 Moscow, Rus
onic (semicond
e the basis for
 of “ideal” diag
cal compositio














 et al. (20
l encoding (M


























 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)














































s are used for
ucleotide or 
n may be ach
n et al. (201
 and is the m
ing. In contr

















 all binding 
h nanoprobes










els, (2) the best s















































yed. In one a
ne zipper dom





ed Abs. It sho
nd may lead
oud et al. (
 nanocrystals
ition sites on t














l for tagging rec
eting, three m









ain is used 
ectrostatic int
 ambient tem
e in this way 
oteins. 
tin interactio
uld be noted 
, e.g., to pro
2011) have p



















 with the biom
ensures high
 biofunctiona









n is used to 








 nm contain 
ty and sensiti
iffusibility o







 the aqueous pha










e of QD coup
tic binding to
oach, the bin
d the QD siz

















bes (Fig. 1) 
t al. (2012); 
des the selection
se, (3) the best 
anoparticles tog










 the QD, and
ding energies
e can strong
r ex vivo cel
streptavidin c
ation of the b
s with the t
cedure for p
uring a high 
njugation (Fi
ies (sdAbs), 
inus, in a hi




of the same o
onally, the c




































 Igor Nabiev /  Physics Procedia  73 ( 2015 )  95 – 99 97







































s based on t
vantages ove
d to millions 

















c, and each fl
l for conjugation 
(BSs) remain inta












 can, in turn

















ents (3) yields na
Adapted fr
 (2008)) and s
pura et al. (2
uantifying of
rids of probe 
on acting as
spension of 
s in terms of













gnal. As the 
capture mole
ever, the use











 a probe for
optically enc




d in the sam
, the type of
ar arrays rely
planar array
s with some 
eparation ste









 by its specifi
cles (quantum do
nity of the conjug
proved function
 al. (2011). 
lso referred to
ik et al. (201
ilable in crud
bs, oligonuc
 a known ta
oded polyme
 are produced
 a variety of 
 an individua
eir surface. T
e way as the
code used in 





























































s are used fo
high-quality 
ificantly brig
, the bead m
 and ionic s
e groups on 





ed using this 
ducing agents 







































































 a future.     
ements 
y was suppo
d Science of 









 beads during th
















urface of the bea
e image on the l
f the larger QDs 
tion for the smal
eir storage for 1 y
beads is de
ication of the






 Fleury et al.







es of different co
ds, whereas the s
eft shows confoc
(with red fluores
ler QDs with flu














lors can be ex
nique possibi
 al. (2007); B




orescence in the 
s solution at +4°
 cytometry. 
 enabled dev
ved to be com
as detected w
paves the wa








cited at the s
lities for mult
razhnik et al. 
silicon microbea
 fluorescence in 
ta confirming thi
 the distance from

















ds. It can be seen
 the green region
s conclusion. He
 the surface of t
e spectrum. 
 variation of PL 
the diagnosti
 at their stora
etry (Fig. 4)











 that the larger 
 of the optical 
re, the red line 
he bead, and the 
intensity of the 
c microbeads










 Igor Nabiev /  Physics Procedia  73 ( 2015 )  95 – 99 99
References 
Bilan, R., Fleury, F., Nabiev, I., Sukhanova, A., 2015. Quantum Dot Surface Chemistry and Functionalization for Cell Targeting and Imaging. 
Bioconjugate Chemistry 26, 609-624. 
Brazhnik, K., Sokolova, Z., Baryshnikova, M., Bilan, R., Efimov, A., Nabiev, I., Sukhanova, A., 2015, Quantum Dot-Based Lab-on-a-Bead System 
for Multiplexed Detection of Free and Total Prostate-Specific Antigens in Clinical Human Serum Samples. Nanomedicine: NBM, DOI:
10.1016/j.nano.2015.03.003. 
Fleury, F., Kudelina, I., Nabiev, I., 1997a. Interactions of Lactone, Carboxylate and Self-Aggregated Forms of Camptothecin with Human and Bovine 
Serum Albumins. FEBS Letters 406, 151-156. 
Fleury, F., Ianoul, A., Berjot, M., Feofanov, A., Alix, A.J., Nabiev, I., 1997b. Camptothecin-Binding Site in Human Serum Albumin and Protein 
Transformations Induced by Drug Binding. FEBS Letters 411, 215-220. 
Gao, X., Cui, Y., Levenson, R.M., Chung, L.W.K., Nie, S., 2004. In vivo Cancer Targeting and Imaging with Semiconductor Quantum Dots. Nature 
Biotechnology 22, 969-976. 
Hafian, H., Sukhanova, A., Turini, M., Chames, P., Baty, D., Pluot, M., Cohen, J.H.M., Nabiev, I., Millot, J.M., 2014. Multiphoton Imaging of Tumor 
Biomarkers with Conjugates of Single-Domain Antibodies and Quantum Dots. Nanomedicine: NBM 10, 1701-1709. 
Joumaa, N., Lansalot, M., Théretz, A., Elaissari, A., Sukhanova, A., Artemyev, M., Nabiev, I., Cohen, J.H.M., 2006. Synthesis of Quantum Dot-
Tagged Submicrometer Polystyrene Particles by Miniemulsion Polymerization. Langmuir 22, 1810-1816. 
Mahmoud, W., Sukhanova, A., Oleinikov, V., Rakovich, Yu., Donegan, J.F., Pluot, M., Cohen, J.H.M., Volkov, Yu., Nabiev, I., 2010. Emerging 
Applications of Fluorescent Nanocrystals Quantum Dots for Micrometastases Detection. Proteomics 10, 700-716. 
Mahmud, W., Rousserie, G., Reveil, B., Tabary, T., Millot, J.M., Artemyev, M., Oleinikov, V., Cohen, J.H.M., Nabiev, I., Sukhanova, A. 2011. 
Advanced Procedures for Labeling of Antibodies with Quantum Dots. Analytical Biochemistry 416, 180-185. 
Montenegro, J.M., Grazu, V., Sukhanova, A., Agarwal, S., de la Fuente, J.M., Nabiev, I., Greiner, A., Parak, W.J., 2013. Controlled Antibody/(Bio-) 
Conjugation of Inorganic Nanoparticles for Targeted Delivery. Advanced Drug Delivery Reviewes 65, 677-688. 
Nabiev, I., Williams, Y., Kelleher, D., Moore, R., Gun'ko, Y., Byrne, S., Rakovich, Yu., Donegan, J.F., Sukhanova, A., Conroy, J., Cottell, D., 
Gaponik, N., Rogach, A., Volkov, Y., 2007. Nonfunctionalized Nanocrystals Can Exploit a Cell's Active Transport Machinery Delivering Them To 
Specific Nuclear and Cytoplasmic Compartments. Nano Letters 7, 3452-3461. 
Rousserie, G., Sukhanova, A., Even, K., Fleury, F., Chames, P., Baty, D., Oleinikov, V., Pluot, M., Cohen, J.H.M., Nabiev, I., 2010. Semiconductor 
Quantum Dots for Multiplexed Bio-Detection on Solid-State Microarrays. Critical Reviews Oncology Hematology 74, 1-15.  
Samokhvalov, P., Artemyev, M., Nabiev, I., 2013. Basic Principles and Current Trends in Colloidal Synthesis of Highly Luminescent Semiconductor 
Nanocrystals. Chemistry – A European Journal, 19, 1534-1546. 
Shemetov, A.A., Nabiev, I., Sukhanova, A., 2012. Molecular Interaction of Proteins and Peptides with Nanoparticles. ACS NANO 6, 4585-4602. 
Stsiapura, V., Sukhanova, A., Artemyev, M., Pluot, M., Cohen, J.H.M., Baranov, A., Oleinikov, V., Nabiev, I., 2004. Functionalized Nanocrystal-
Tagged Fluorescent Polymer Beads: Synthesis, Physicochemical Characterization, and Immunolabeling Application. Analytical Biochemistry 334, 
257-265. 
Sukhanova, A., Venteo, L., Devy, J., Artemyev, M., Oleinikov, V., Pluot, M., Nabiev, I., 2002. Highly Stable Fluorescent Nanocrystals as a Novel 
Class of Labels for Immunohistochemical Analysis of Paraffin-Embedded Tissue Sections. Laboratory Investigations 82, 1259-1262.
Sukhanova, A., Devy, J., Venteo, L., Kaplan, H., Artemyev, M., Oleinikov, V., Klinov, D., Pluot, M., Cohen, J.H.M., Nabiev, I., 2004. Biocompatible 
Fluorescent Nanocrystals for Immunolabeling of Membrane Proteins and Cells. Analytical Biochemistry 324, 60-67. 
Sukhanova, A., Susha, A., Bek, A., Mayilo, S., Rogach, A., Feldmann, J., Oleinikov, V., Reveil, B., Donvito, B., Cohen, J.H.M., Nabiev, I., 2007. 
Nanocrystal-Encoded Fluorescent Microbeads for Proteomics: Antibody Profiling and Diagnostics of Autoimmune Diseases. Nano Letters 7, 
2322-2327.  
Sukhanova, A., Nabiev, I., 2008. Fluorescent Nanocrystal-Encoded Microbeads for Multiplexed Cancer Imaging and Diagnosis. Critical Reviews 
Oncology Hematology 68, 39-59.  
Sukhanova, A., Even-Desruleaux, K., Kisserli, A., Tabary, T., Reveil, B., Millot, J.M., Chames, P., Baty, D., Artemyev, M., Oleinikov, V., Pluot, M.,  
Cohen, J.H.M., Nabiev, I., 2012. Oriented Conjugates of Single-Domain Antibodies and Quantum Dots: Toward a New Generation of Ultrasmall 
Diagnostic Nanoprobes. Nanomedecine: NBM 8, 516-525. 
